There has been a recent shift in the operative approach in advanced colorectal operations where in laparoscopy is being used as the preferred modality of intraabdominal access. Literature is not clear and there is no consensus with regards to the optimal intraoperative fluid requirements in these operations. Hence, we did a retrospective study of intraoperative fluid requirements for all laparoscopic advanced colorectal resection operations and looked at its impact on short term postoperative recovery.
B A C K G R O U N D
Minimally invasive colorectal resections, especially advanced laparoscopic resections are gaining more popularity in the management of locally advanced colorectal cancer and are likely to be the preferred approach in the immediate future. Identifying factors that will hasten recovery and facilitate early discharge is of utmost significance. Intraoperative fluid administration is a key element in influencing short-term post-operative outcomes. Traditionally intraoperative fluid administration involved large volumes with rationale to replace fasting and third space loss along with maintaining hemodynamic parameters.
There is clearly a lack of consensus in the literature with regards to the rate of intraoperative fluid therapy as worse outcomes are reported in both restrictive and liberal fluid regimens. (1) Moreover lack of standard definitions for restrictive, moderate and liberal fluid therapy regimen intraoperatively and type of fluids used along with inconsistencies in definition of complications studied have ushered in a lot of confusion in the literature. (2) A lot of data has emerged recently on targeted or goal directed fluid therapy compared to restrictive or liberal fluid regimen with varied results though most data support goal directed fluid therapy. (3) There is also uncertainty with regards to use of goal directed fluid therapy in low risk patients undergoing laparoscopic surgery in the background of ERAS (Enhanced recovery after surgery). (4) , (5) These regimens are not standardised and are mostly studied in open operations. There are many other studies which support restrictive fluid regimen than liberal fluid regimen. (6) With laparoscopy becoming the mainstay of management along with ERAS implementation, it is important to assess the effects of intraoperative fluid volumes on patient outcomes and recovery in advanced laparoscopic colorectal resection. (7) It also has to be noted that minimally invasive or advanced laparoscopic colorectal resections are different from open operations with respect to intraoperative blood loss and thermodynamics.
Objective of this study was to investigate the short-term post-operative outcomes and its association with intraoperative fluid volumes in laparoscopic colorectal resections for colorectal cancer.
M E T H O D S
This is a retrospective analysis of patients diagnosed with locally advanced colorectal cancer who have undergone laparoscopic colorectal resections from January 2014 to June 2017 at a single tertiary care centre in South India. After approval from the institutional review board (CMC Vellore IRB Min No: 10824 (dated 23.08.2017), data was extracted from the prospectively maintained electronic outpatient and inpatient record via the clinical workstation developed by the in-house computerized hospital information processing system (CHIPS) and analysed. There was a total of 201 patients included in the study, 124 of whom were males and 77 were females. The mean average age was 50 years and the average duration of surgery was 5 hours. Data collected as part of the study were age, sex, body weight, body mass index (BMI), American Society of Anaesthesiologists (ASA) status, preoperative haemoglobin and creatinine, duration of surgery and volume of crystalloids and colloids infused intraoperatively. Post-operative outcomes looked at were morbidity based on Clavien-Dindo classification and length of postoperative hospital stay. The average median intraoperative IV fluid rate was calculated to be 5.2 ml/Kg/Hr with a standard deviation of 1.97. Based on the average IV fluid rate, patients were categorised into those receiving less than or equal to 5 ml/Kg/hr as restrictive fluid regimen group and those receiving more than 5 ml/Kg/hr as the liberal fluid regimen group.
The primary outcome was postoperative morbidity, which was graded based on Clavien-Dindo classification. (1) (2) (3) (4) (5) , (8) Secondary outcome variable was length of postoperative hospital stay in days. Standard anaesthetic management was followed, and routine monitoring was used in all patients. Intraoperative fluid management was individualised, and decisions were made as per the anaesthetist's discretion determined by vital parameters and duration of surgery.
Inclusion & Exclusion Criteria
All patients who have undergone advanced laparoscopic operations for colorectal cancer as an upfront procedure or after neoadjuvant therapy from January 2014 to July 2017 were included in the study. Laparoscopic operations that were converted to open procedures due to various indications were excluded from the study. Patients who had incomplete documentation or ambiguous data were also excluded.
Statistical Analysis
Data was entered using EPIDATA software and screened for outliers and extreme values using Box-Cox plot and histogram (for the shape of the distribution). Summary statistics was used for reporting demographic and clinical characteristics. All categorical variables were reported using frequencies and percentages and continuous variables were expressed in terms of mean ± SD. Student t-test was used to compare continuous variables with IV fluids and the categorical variables were compared using the chi-square test. Differences will be considered significant at p<0.05. All the statistical analysis was performed using SPSS 25.0.
R E S U L T S
Among the 201 patients who underwent advanced laparoscopic colorectal resections, 121 patients had an uneventful postoperative recovery. 80 patients were documented to have morbidity based on Clavien-Dindo classification (1 to 5). Two patients were excluded from the final analysis due to lack of documentation of operating time. The median intraoperative fluid for the study cohort was 5.2 ml/Kg/hr based on which the patients were categorized into either the restrictive group (</= 5 ml/Kg/hr) or the liberal group (> 5 ml/Kg/hr). There were 95 patients in the restrictive IV fluid regimen group and 104 patients in the liberal IV fluid regimen group. 47.7% patients (32/95) in the restrictive IV fluid group had postoperative morbidity compared to 52.3 % (47/104) in the liberal IV fluid group, which was not statistically significant. The mean length of postoperative hospital stay for the study cohort was 8.63 days with a standard deviation of 7.51. There was no difference in postoperative length of hospital between the restrictive and the liberal group.
Characteristics and Variables
Total Cohort (n=201)
Restrictive Fluid
Group (</=5 ml/Kg/hr.)
Liberal Fluid
Group (>5 ml/Kg/hr.) Age 
Table 2. Patient Outcomes and IV Fluid Rates
Among the 79 patients who had postoperative morbidity based on Clavien-Dindo classification, there was an increased number of patients with morbidity in the liberal IV fluid group 59.5% as compared to 40.5% (p value 0.03) in the restrictive group. This difference was found to be statistically significant.
D I SC U S SI O N
The results of this study suggest that postoperative morbidity as calculated by Clavien Dindo grading in the liberal fluid regimen group (>5 ml/Kg/hr) is worse than that of restrictive fluid regimen group (</=5 ml/Kg/hr) in patients undergoing Laparoscopic advanced colorectal resections. Literature is divided in its recommendations for optimal fluid therapy regimen during colorectal resection operations. Most intraoperative fluid therapy regimens are studied in the open colorectal operations and have been extrapolated to laparoscopic colorectal resections. Intraoperative fluid therapy needs to be tailored to the unique setting of advanced laparoscopic colorectal operations and optimized as per the benefits of laparoscopic resections in terms of lesser blood and fluid loss and better temperature control. (9) , (10) Few studies done in laparoscopic surgeries show that in minor to moderate level procedures, liberal fluid administration improves recovery and shortens hospital stay as reported by Kathrine et al (11) and another study which looked at elective laparoscopic colorectal surgeries has suggested that goal directed fluid therapy during the operation has comparable outcomes to that of liberal fluid therapy in the context of enhanced recovery after surgery. (12) Whereas many other studies have shown that restrictive or zero balance approach decreases postoperative morbidity and length of hospital stay. (13) , (14) , (2) There are other studies, which show worse outcomes both with high fluid volume regimen and low fluid volume regimen group. (15) , (3) The recent 'RELIEF' trial has shown that restrictive fluid regimen was not associated with higher rate of disability free survival, decreased morbidity and length of hospital stay but was associated with a higher rate of acute kidney injury. (16) They concluded that modestly liberal administration of fluid is safer than a restrictive regimen. A recent population based study has shown adverse outcomes with extremes of both liberal and restrictive fluid therapy, highlighting the importance of a balanced approach to peri -operative fluid management. (17) , (1) There is evidence in the literature of increased incidence of acute kidney injury following extremes of restrictive and liberal fluid management in abdominal surgeries. (18) , (3), (19) Due to the heterogeneity of various studies, we still lack a universal definition of restrictive, liberal and moderately liberal fluid regimens. Hence these results from most studies cannot be extrapolated to specific settings especially in major laparoscopic colorectal resection operations. In our study, although there were no significant differences noted in the overall cohort of patients among the restrictive versus the liberal fluid group, there was statistically significant difference noted in a cohort of patients with varying grades of postoperative morbidity. Also, there was no difference in the length of postoperative hospital stay. This may be due to private and insured patients opting to stay in the hospital until suture removal, irrespective of fulfilling criteria for discharge.
The main strengths of this study is the fact that the impact of intraoperative fluid therapy was looked at in a specific group of advanced laparoscopic colorectal operations in a single center. Studies looking at intraoperative IV fluid regimen in advanced laparoscopic colorectal operations are sparse and that makes this study relevant. The retrospective nature of this study is a major limitation. More prospective randomized controlled trials may help in unravelling the impact of intraoperative fluid management on outcomes of major laparoscopic operations including comparison of postoperative weight gain and renal parameters.
C O N C L U S I O N S
Intraoperative liberal fluid therapy is associated with significantly increased postoperative morbidity as compared to restrictive fluid management in advanced laparoscopic colorectal operations.
